H 13/2 transitions respectively. Further, it is found that IL intensity at 574 nm decays rapidly with ion fluence. A broad and weak photoluminescence (PL) emission with peak at $ 485 nm and a strong emission at 573 nm are observed in ion irradiated Y 2 O 3 :Dy 3 þ . It is found that PL intensity increases with ion fluence up to 3 Â 10 10 ions cm À 2 and then it decreases with further increase of ion fluence. This may be attributed to lattice disorder produced by dense electronic excitation under swift heavy ion irradiation.
Introduction
Swift heavy ion (SHI) irradiation induce changes in nanostructure materials. The energy deposition on target material is usually expressed in terms of kilo electron volt per atomic mass unit (keV/amu). When an energetic ion penetrates a target, it deposits energy mainly by elastic collision with the nuclei known as nuclear energy loss (S n ), which dominates at lower energy ( $ 10 KeV/amu) and inelastic collisions with the electrons of the target known as electronic energy loss (S e ), which dominates at higher energy region (Z 1 MeV/amu) [1, 2] . SHI irradiation induces defects, defect cluster and large number of electron excitation and ionization in target [3] [4] [5] . Yttrium oxide (Y 2 O 3 ) is found to be one of the best hosts for rare earth (RE) ions because of its similarities in the chemical properties and ionic radius. Y 2 O 3 possess high melting point ( $ 2600°C), wide transparency range, high thermal conductivity, high chemical stability with a band gap (5.72 eV) and low cut of phonon energy (380 cm À 1 ), which reduces the multiphonon relaxation process and leads to high luminescence efficiency [6] . Trivalent dysprosium ion (Dy 3 þ ) has been extensively studied in various hosts due to its unique spectral properties [7] . Dy 3 þ doped Y 2 O 3 exhibit excellent greenish yellow luminescent properties. Y 2 O 3 :Dy 3 þ nanophosphor used for UV based white light emitting diode (white LED), display devices etc. Ionoluminescence (IL) is non thermal light emission phenomenon induced by bombardment of high energetic ion beam. It is a sensitive and versatile tool for study of excitation states of the material, local symmetry of the emitting atom, chemical state and presence of RE ions [8] . IL studies have been reported on various types of natural and synthetic inorganic materials [9] [10] [11] [12] . The objective of the present work is to study ion induced luminescence characteristics of Y 2 The ratio of citric acid to Y 3 þ is considered as 2.0 [13, 14] . Stoichiometric amount of yttrium oxide is dissolved with dilute nitric acid to get yttrium nitrate and then dissolved in 50 ml of double distilled water. The resultant solution is refluxed at room temperature for 3 h. Dysprosium nitrate is added to yttrium nitrate precursor solution and the solution is again refluxed at 70°C for 2 h and then citric acid is slowly added to act as a chelating agent. During refluxing, the solution slowly evaporated and turned into a reddish brown gel. The gel is dried at 110°C in an oven to obtain powder and the powder is grained in an agate mortar and pestle and finally annealed at 700°C for 2 h to remove the impurities if any [15] . The pellets of 1 mm thick and 5 mm diameter are prepared from 30 mg of the sample by applying a pressure of 4.0 MPa using an homemade pellatizer. 4% of polyvinyl alcohol solution is used as binder [16] . These pellets are annealed at 900°C for 2 h in a muffle furnace to remove the deformations and binding agent impurities.
Irradiation
Annealed pellets are irradiated with 100 MeV swift Si 8 þ ions (beam current¼2 pnA) for the fluence in the range 1 Â 10 10 -3 Â 10 11 ion cm À 2 using 5 UD Pelletron at Inter University Accelerator
Center (IUAC), New Delhi, India [17, 18] . The samples are mounted on glass slide of 10 cm length, 2.5 cm width and 2 mm thickness.
Then the slide is carefully fixed on a copper target ladder using double sided tape. The ion beam is magnetically scanned on 1 cm Â 1 cm area of the sample surface for uniform irradiation at room temperature. Four pellets are exposed at a time for the same fluence each for XRD, FTIR, PL and thermoluminescence (TL) measurements. IL is performed with focused ion beam inside a high vacuum chamber (6 Â 10 À 6 Torr). The IL emission is collected at 45°to the incident beam and the spectrum recorded using charged coupled device (CCD) camera (Ocean optics spectrometer HR 4000).
Characterization
XRD patterns are recorded in advanced D-8 X-ray diffractometer (Bruker AXS-model) using 1.5406 Å from Cu K α radiations. The morphology of the synthesized sample is studied by scanning electron microscopy (JEOL JSM-840A). Fourier transformed infrared spectra (FTIR) are recorded on Nicollet Magna 550 spectrophotometer. PL excitation, emission and the life time measurements are recorded using an Edinburgh luminescence spectrometer (model F900) equipped with a xenon flash lamp as the source of excitation.
Results and discussion
The electronic energy loss (S e ), nuclear energy loss (S n ) and projected ion range ( Fig. 1(b) shows the variation of energy loss with the penetration depth in the target materials. The electronic energy loss is dominant in the present case and responsible for the material modifications. Thus, it is expected that large electronic excitation may induce breaking of original bonds leading to creation of point defects [20] . . The XRD pattern of pristine and irradiated samples shows the cubic crystal system with space group 1a3 (JCPDS: No: 88-1040) [21] . All the diffraction peaks have been found to correspond to bixbyite (C-type) crystalline phase of yttrium oxide. It is found that the diffraction peak intensity of irradiated sample decreases when compared to pristine one. This might be due to the creation of large number of defects and discontinuous tracks leading to distortion of crystalline symmetry. Gaboriaud et al., reported SHI irradiation induces phase transformation from cubic to monoclinic structure of yttrium oxide when S e Z18 keV nm À 1 [22] . However, in the present work S e (4.103 keV nm À 1 ) is much lower and structural phase transformation is not observed instead large numbers of point defects responsible for luminescence are created [23] . Youmei Sun et al., reported the damage induced by SHI in polycarbonate. They reported that the intensity of the main diffraction peak of pristine sample decreases gradually with increasing ion fluence due to destruction of a chemical group [24] .
The structural parameters such as miller indices (h k l), crystallite size (D), inter planar spacing (d), lattice constant (a), cell volume (V), density (D x ), dislocation density (δ) and lattice strain (ε) [25] are calculated from XRD data and tabulated in Table 1 . The crystallite size (D) is calculated using Scherrer equation:
where, 'λ' is the wavelength of X-rays (1.5406 Å), 'β' is full width at half maxima (FWHM) and 'θ' is the Bragg angle. The average crystallite size is found to be 29.67 nm for pristine while it is 29.00 nm for ion irradiated samples. Significant strains are associated with nanoparticles because a large number of surface atoms have unsaturated in coordination numbers. The lattice strain and is attributed to C-O bending and bands at 1407, 1527 and 1703 cm À 1 are attributed to COO À group vibration of the citrate complex [32] . The bands at 2919, 3423 and 3742 cm À 1 are well known and assigned to -OH stretching vibrations [33] . The carbon bonds and OH bands appeared in the FTIR spectra are due to CO 2 and moisture absorbed from the atmosphere [34] . The ligands such as OH-, COO-and CO 3 2 À are not came from the raw materials used in synthesis and are not observed from the XRD, EDAX techniques. But they are found only in FTIR spectra. Because, the spectra is recorded using KBr pellet technique. KBr is mixed with the samples to make a very thin pellet and the pellet absorbed the CO 2 and moisture present in the atmosphere. Hence, FTIR shows the OH-, COO-and CO 3 2 À bonds. These results are well reported [20] . H J (J¼15/2, 13/2, 11/2) and then split into Jþ 1/2 Stark levels due to Dy 3 þ ion (Kramer's ion) in the lower symmetry site [7] . Similar results on Mg 2 SiO 4 :Dy 3 þ are reported by Lakshminarasappa et al. [35] .
In present work, Dy 3 þ ions are excited by SHI to 6 transitions of Dy 3 þ respectively [7, 36] . The IL intensity depends on various factors such as ion species, ion fluence, energy, luminescence activators, quenchers and surrounding environment around the Dy 3 þ ion. ) SHI ion fluence to create a cylindrical type tracks and such tracks are overlapping each other leadings to the formation of complex defects that reduce the luminescence intensity [37, 38] .
Further, effective diameter (d) of ion track can be calculated using Poison equation [39, 40] . In present work, the diameter of ion tracks is calculated using IL spectra. The cross section (s) for the damage of the nanophosphor is estimated using the relation Fig. 7(a and b) . It is found that, the normalized integrated intensity decreases exponentially with ion fluence. The size of the ion tracks is estimated by fitting this equation and it is found to be 3.10 0.43 ± and 3.16 0.37 ± nm for 574 and 584 nm emission peaks respectively. Fig. 8(a) [7] . PL emission is recorded under 349 nm excitation. The emission spectra of sol gel derived Y 2 O 3 :Dy 3 þ nanophosphor irradiated with 100 MeV Si 8 þ ions in the fluence range from 1 Â 10 10 to 3 Â 10 11 ions cm À 2 is shown in Fig. 8(b) . The 349 nm (3.6 eV) energy excites the Dy 3 þ ions to the 6 P 7/2 level and then quickly relaxes non-radiatively to intermediate 4 at 485, 575, 675, 760 and 850 nm which were assigned to the transition from the luminescent 4 F 9/2 level to the ground 6 H J (J ¼15/2, 13/2, 11/2, 9/2 þ11/2 and 7/2þ 9/2) multiplets [36] . In the present work, 573 nm emission is found to be more intense than at 485 nm emission. The origin of transitions (electric dipole or magnetic dipole) from emitting levels to terminating levels depends upon the site where the Dy ion is located in the Y 2 O 3 lattice and the type of transition is determined by selection rules [41] . A Dy 0.8 sites giving rise to intense yellow emission in all the samples [7] . Fig. 8(c) shows variation of PL intensity as a function of ion fluence.
The PL intensity at 573 nm is found to increase with increase in ion fluence up to 3 Â 10 10 ions cm À 2 , caused due to increase in defects concentration increases in the sample. Further, with increase in ion fluence the PL intensity is found to decrease. And, the decrease in PL intensity at 573 nm might be attributed to the destruction of defects. The disorder leads to crystal field perturbation around Dy 3 þ sites causing inhomogeneous broadening. Nagabhushana et al., reported reduction of PL intensity with increase of Ag 8 þ ion fluence. The decrease in intensity was attributed to the degradation of metal oxide bond. The irradiation effects leads to the restructuring of the surface chemical species due to high energy deposition through electronic energy loss leading to reduction of recombination centers [44] .
Time resolved PL (TRPL) is a non destructive technique. The exciton lifetime is an important parameter related to the quality of the material and gives better understanding about quenching mechanism [45] . TRPL decay curves are recorded at room temperature (300 K). The TRPL decay curves of pristine and SHI irradiated Dy 3 þ doped Y 2 O 3 samples measured at 573 nm are shown in Fig. 9 (a) and (b), respectively. These decay curves may not fit by a single exponential function due to the nonradiative process involving cross relaxation [46, 47] . But it may well be fit by a second order exponential function. 
Photometric characterization
To understand the emission of color of the samples more clearly, the Commission Internationale de l'Eclairage (CIE) chromaticity coordinates of pristine and 100 MeV swift Si 8 þ irradiated Y 2 O 3 :Dy 3 þ (0.6 mol%) for different ion fluences are considered upon 349 nm excitation are calculated from the emission spectra in the range of 400-700 nm using the 1931 CIE system and is shown in Fig. 10(a) and (b) , respectively. The calculated color coordinates are tabulated in Table 2 . The color coordinates (x-y) of IL are calculated using the standard procedure [20] . The coordinates approaches from closest white region for all the fluence. With increasing ion fluence, (x-y) color coordinates did not changed as shown in Fig. 10(a) . Similarly, color coordinates of PL are calculated. The coordinates shifts towards blue region with the increasing ion fluence. This might be due to the destruction of the surface lattice. ion. The decrease in IL intensity is attributed to the destruction of the surface lattice caused by the energy deposited through electronic energy loss and formation of defects leading to non-radiative recombination centers at higher fluences. Time resolved photoluminescence spectroscopy indicated that the PL lifetime is long in irradiated sample. The blue and yellow emissions are varied with ion fluence resulting in the shift of color coordinates from green-yellow to blue region. Thus color tunability can be achieved by changing the ion fluences. Present investigations indicated that Y 2 O 3 :Dy 3 þ nanophosphor is a promising candidate for applications in optoelectronic devices and solid state lighting for general illumination purposes. 
Conclusions

